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1. INTRODUCTION {#cas13891-sec-0001}
===============

Esophageal cancer (EC) is one of the most common highly aggressive malignancies worldwide, including in China, and it has a dismal prognosis.[1](#cas13891-bib-0001){ref-type="ref"}, [2](#cas13891-bib-0002){ref-type="ref"} In 2015, approximately 477 900 new cases of esophageal cancer and 375 000 esophageal cancer‐related deaths were reported in China.[3](#cas13891-bib-0003){ref-type="ref"} These new cases of EC and EC‐related deaths in China account for the majority of EC cases worldwide.[2](#cas13891-bib-0002){ref-type="ref"}, [3](#cas13891-bib-0003){ref-type="ref"}, [4](#cas13891-bib-0004){ref-type="ref"} In addition, an estimated 90% of patients with EC in China were diagnosed with squamous cell cancer.[5](#cas13891-bib-0005){ref-type="ref"}, [6](#cas13891-bib-0006){ref-type="ref"} Accordingly, esophageal squamous cell cancer (ESCC) is sometimes considered to be a characteristic disease epidemic in China. Nevertheless, the 8th edition of the American Joint Committee on Cancer Tumor‐Node‐Metastasis (AJCC‐TNM) staging system for EC launched on January 2018 was based on the Worldwide Esophageal Cancer Collaboration database, which includes only 19.4% (4401/22 654) of Asian patients.[7](#cas13891-bib-0007){ref-type="ref"}, [8](#cas13891-bib-0008){ref-type="ref"}, [9](#cas13891-bib-0009){ref-type="ref"}, [10](#cas13891-bib-0010){ref-type="ref"} Thus, the accumulation of more data from Asian patients, particularly Chinese patients with ESCC, is essential to establish a more accurate staging system for EC.

Moreover, the main drawback of the 8th edition of the AJCC‐TNM staging system is that it is generally not applicable for patients with non‐surgical EC because it is difficult to accurately evaluate lymph node (LN) metastasis without surgery. Therefore, an easy‐to‐perform and effective pre‐therapeutic prognostic clinical staging system for non‐surgical EC needs to be established. In a study performed by An et al,[11](#cas13891-bib-0011){ref-type="ref"} patients with EC who underwent 3‐field lymphadenectomy were divided into 4 groups according to the fields of LN involved (no LN metastasis; 1‐field LN metastasis; 2‐field LN metastasis; and 3‐field LN metastasis); a significant difference in 5‐year survival was reported among the 4 groups. Shimada et al[12](#cas13891-bib-0012){ref-type="ref"} also found a significant decrease in the 5‐year survival rates of patients with EC who underwent 3‐field lymphadenectomy as the number of fields with LN metastasis increased.

In this retrospective study, using data from a cohort of Chinese patients treated in 2 institutions, we propose a revision of the N categories in the 8th edition of the AJCC‐TNM staging system based on the anatomic regions of LN metastasis (cervix, thorax and abdomen) that makes staging easier to perform and better represents the prognosis of non‐surgical ESCC.

2. MATERIALS AND METHODS {#cas13891-sec-0002}
========================

2.1. Patients {#cas13891-sec-0003}
-------------

We recruited patients with ESCC who underwent radiotherapy alone or chemoradiotherapy from The First Affiliated Hospital of Guangxi Medical University and Shandong Cancer Hospital Affiliated to Shandong University between January 2010 and April 2013. The inclusion criteria for patients were as follows: (i) diagnosed with pathologically confirmed ESCC; (ii) received radiotherapy or chemoradiotherapy initially and without surgery or any prior treatments; (iii) had complete information for stage grouping; (iv) had no combined malignancy or distant metastasis (M0); (v) had completed the treatment plan; and (vii) had an Eastern Cooperative Oncology Group performance status of 0‐2. This study was carried out in accordance with the Declaration of Helsinki of 1975, revised in 2008, and was approved by the medical ethics committees of both hospitals. The requirement for written informed consent from all participants was waived due to the retrospective nature of this study.

2.2. Staging {#cas13891-sec-0004}
------------

After histological confirmation was obtained, staging modalities included upper gastrointestinal endoscopy, barium esophagography and computed tomography (CT) scans of the cervix, thorax and abdomen with intravenous contrast. Endoscopic ultrasound (EUS), ^18^F‐fluorodeoxyglucose positron emission tomography‐CT and bronchoscopy were used for a portion of patients. EUS‐guided fine‐needle aspiration or ultrasound‐guided biopsy was performed if necessary.

Tumor staging was performed according to the 8th edition of the AJCC staging system for ESCC. We divided the esophageal lymphatic drainage into 3 groups based on the anatomic regions: cervical, thoracic or abdominal LN (Table [1](#cas13891-tbl-0001){ref-type="table"}). We then classified the patients into 4 categories: N0 (no region involved), N1 (1 region involved), N2 (2 regions involved) and N3 (3 regions involved). Subsequently, we used the revised N categories instead of the N stages in the 8th edition of the AJCC‐TNM clinical staging system to determine the modified TNM stage, which was also classified into 5 homogeneous groups as I, II, III, IVA and IVB.

###### 

Regional lymph node stations for staging esophageal cancer

  LN station NO.   LN name                                        LN region
  ---------------- ---------------------------------------------- --------------------------------------------------------
  1R/1L            Right/left lower cervical paratracheal nodes   Cervical region[a](#cas13891-note-0002){ref-type="fn"}
  2R/2L            Right/left upper paratracheal nodes            Thoracic region
  4R/4L            Right/left paratracheal nodes                  
  7                Subcarinal nodes                               
  8U               Upper thoracic paraesophageal nodes            
  8M               Middle thoracic paraesophageal nodes           
  8Lo              Lower thoracic paraesophageal nodes            
  9R/9L            Right/left pulmonary ligament nodes            
  15               Diaphragmatic nodes                            
  16               Paracardial nodes                              Abdominal region
  17               Left gastric nodes                             
  18               Common hepatic nodes                           
  19               Splenic nodes                                  
  20               Celiac nodes                                   

LN, lymph node.

In the lymph node maps for esophageal cancer, NO.1 LN station was defined as lower cervical paratracheal nodes between the supraclavicular paratracheal space and apex of the lung. Therefore, the supraclavicular lymph nodes were included in the cervical region.
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According to the Clinical Staging Criteria for Esophageal Cancer Treated with Non‐surgical Methods proposed by an expert panel on behalf of the Non‐surgical Esophageal Cancer Clinical Staging Group in China,[18](#cas13891-bib-0013){ref-type="ref"} we mainly used CT for the diagnosis of metastatic lymph nodes. Lymphadenectasis is the criterion for cancerous metastasis. The general criterion is that the short‐axis diameter of LN is more than 10 mm on the CT images, but if the long‐axis diameter of the paraesophageal, tracheoesophageal sulcus, pericardial angle or abdominal LN is more than 5 mm, cancerous metastasis is also considered to be positive.

2.3. Treatment protocols {#cas13891-sec-0005}
------------------------

External beam radiotherapy was performed with intensity‐modulated radiation therapy or 3‐D conformal radiotherapy in all patients. The primary esophageal gross tumor volume (GTV) and the involved LN (GTVnd) were defined according to imaging examinations and endoscopic findings. The clinical target volume (CTV) was created with a 2‐4 cm margin in the superoinferior direction and 5‐15 mm margins in the anteroposterior and lateral directions around the primary GTV. The planning target volume (PTV) was generated by adding a 5 mm margin to the CTV. The radiation dose delivered to PTV was 50‐64 Gy in 25‐32 fractions of 1.8‐2.0 Gy per fraction. Radiotherapy was performed 5 times a week. Platinum‐based chemotherapy with 5‐fluorouracil was administered to patients in this study, with a focus on its integration with radiotherapy.

2.4. Follow‐up {#cas13891-sec-0006}
--------------

In our study, all patients were followed up every 3 months for the first 2 years, every 6 months until 5 years, and then annually thereafter. The regular follow‐up protocol included physical, laboratory, imaging and endoscopic examination for assessing recurrence or metastasis. Overall survival (OS) was defined as the time between the date of the beginning of radiotherapy and date of death or last follow‐up. All patients were followed up by phone calls until the end of May 2018. Data of surviving patients were censored on the day of the last contact.

2.5. Statistical analysis {#cas13891-sec-0007}
-------------------------

The survival rate was calculated using the Kaplan‐Meier method, and the log‐rank test was used to assess the survival differences between groups. All variables that achieved significance (*P *\<* *.1) in univariate analyses were enrolled in a multivariate Cox proportional hazards regression model. A 2‐sided probability value of \<.05 was considered significant. All statistical analyses were performed using SPSS 17.0 software (SPSS, Chicago, IL, USA).

3. RESULTS {#cas13891-sec-0008}
==========

3.1. Demographic and clinicopathological characteristics {#cas13891-sec-0009}
--------------------------------------------------------

A total of 336 patients (263 men and 73 women) with a median age of 63 years (range: 38‐79 years) were enrolled in this study. Of these, 243 patients (72.3%) had LN metastasis. The median survival time was 32 months (range: 7‐98 months), and the 3‐year and 5‐year OS rates were 40.2% and 11.3%, respectively. There were 23 patients still alive at the end of follow‐up. A total of 235 patients in this study received chemoradiotherapy, while the remaining 101 patients received radiotherapy alone due to old age, cardiopulmonary insufficiency, or refusal of chemotherapy for personal reasons. The clinicopathological characteristics of the patients are presented in Table [2](#cas13891-tbl-0002){ref-type="table"}.

###### 

Clinicopathological characteristics of patients and results of univariate analysis for 3‐y overall survival

  Variables            Number of patients (%)   Median survival (m)   3‐y survival (%)   *P*
  -------------------- ------------------------ --------------------- ------------------ --------
  Age                                                                                    
  ≤60                  140 (41.7)               32                    41.3               .031
  \>60                 196 (58.3)               31                    38.6               
  Sex                                                                                    
  Male                 263 (78.3)               30                    37.3               .021
  Female               73 (21.7)                36                    50.7               
  Tumor location                                                                         
  Upper                125 (37.2)               32                    42.4               .596
  Middle               128 (38.1)               31                    37.5               
  Lower                83 (24.7)                32                    41.0               
  T stage                                                                                
  T1                   3 (.9)                   53                    66.7               \<.001
  T2                   66 (19.6)                46                    72.7               
  T3                   181 (53.9)               33                    40.3               
  T4                   86 (25.6)                19                    14.0               
  Revised N category                                                                     
  N0                   93 (27.7)                42                    67.7               \<.001
  N1                   138 (41.1)               33                    44.2               
  N2                   74 (22.0)                25                    13.5               
  N3                   31 (9.2)                 16                    3.2                
  Modified staging                                                                       
  I                    3 (.9)                   53                    66.7               \<.001
  II                   106 (31.5)               45                    70.8               
  III                  130 (38.7)               32                    35.4               
  IVA                  97 (28.9)                19                    12.4               
  Treatment modality                                                                     
  RT alone             101 (30.1)               30                    34.7               .014
  CRT                  235 (69.9)               33                    42.6               

CRT, chemoradiotherapy; RT, radiotherapy.
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3.2. Univariate and multivariate analyses of prognostic factors {#cas13891-sec-0010}
---------------------------------------------------------------

Table [2](#cas13891-tbl-0002){ref-type="table"} also presents the results of the univariate analyses for 3‐year OS. The T stage, revised N category, modified TNM staging system, age, sex and treatment modality were significantly associated with prognosis. Furthermore, multivariate analysis showed that T stage, revised N category, age, sex and treatment modality were independent risk factors, with the revised N category being the most significant variable affecting prognosis (Table [3](#cas13891-tbl-0003){ref-type="table"}).

###### 

Multivariate cox regression analyses of the prognostic factors for overall survival in patients with esophageal squamous cell cancer

  Variables                           Hazard ratio   95% CI        *P*
  ----------------------------------- -------------- ------------- --------
  Age                                                              
  \>60 vs ≤60                         1.801          1.357‐2.389   \<.001
  Sex                                                              
  Male vs female                      1.494          1.123‐1.986   .006
  T stage (baseline, T4)                                           
  T1                                  .087           .021‐.365     .001
  T2                                  .116           .077‐.175     \<.001
  T3                                  .340           .252‐.460     \<.001
  Revised N category (baseline, N3)                                
  N0                                  .064           .039‐.106     \<.001
  N1                                  .147           .091‐.236     \<.001
  N2                                  .532           .333‐.850     .008
  Treatment modality                                               
  RT alone vs CRT                     1.865          1.394‐2.495   \<.001

CI, confidence interval; CRT, chemoradiotherapy; RT, radiotherapy.
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Kaplan‐Meier survival curve analysis based on the revised N category and modified TNM staging system indicated that they had good discriminatory ability in each subgroup (*P *\<* *.001 for all; Figure [1](#cas13891-fig-0001){ref-type="fig"}A,B). Both showed a relatively ordered monotonic distribution of survival.

![Kaplan‐Meier survival curves for patients stratified on the basis of the revised N categories (A) and the modified staging system (B)](CAS-110-717-g001){#cas13891-fig-0001}

To evaluate the utility of the revised N category for predicting survival in different T stages, we performed a stratified analysis in the T2, T3 and T4 subgroups based on the 8th edition of the AJCC staging system. We excluded cases with T1 stage for subgroup analysis because the group size was too small (n = 3). In the T2 subgroup, survival could be distinguished between patients with the revised N categories (*P *\<* *.001; Figure [2](#cas13891-fig-0002){ref-type="fig"}A). Similar results were also observed in the T3 and T4 subgroup (*P *\<* *.001 for all; Figure [2](#cas13891-fig-0002){ref-type="fig"}B,C).

![Survival curves for T2 (A), T3 (B) and T4 (C) patients stratified according to the revised N categories](CAS-110-717-g002){#cas13891-fig-0002}

Subsequently, we also explored the utility of the revised N category in patients who were stratified according to whether they received chemotherapy. These results showed that, in both the radiotherapy alone and chemoradiotherapy subgroup, survival could be well discriminated between patients with the revised N categories (*P *\<* *.001 for all; Figure [3](#cas13891-fig-0003){ref-type="fig"}A,B).

![Survival curves for patients who underwent radiotherapy alone (A) and chemoradiotherapy (B) stratified according to the revised N categories](CAS-110-717-g003){#cas13891-fig-0003}

Furthermore, considering that the condition of LN involved varied both in the revised N1 and N2 categories, we evaluated the survival differences between different anatomic regions of LN metastasis in the N1 and N2 subgroups. There were no differences in survival between patients with different anatomic regions of LN metastasis in either the N1 or N2 subgroup, which shows that the revised N categories are reasonable (*P *=* *.747 for N1 subgroup and *P *=* *.769 for N2 subgroup; Figure [4](#cas13891-fig-0004){ref-type="fig"}A,B).

![Survival curves for the revised N1 (A) and N2 (B) patients stratified by different anatomic regions of involved lymph node](CAS-110-717-g004){#cas13891-fig-0004}

4. DISCUSSION {#cas13891-sec-0011}
=============

An accurate cancer clinical staging system is important for patient stratification, treatment protocol decisions, prognosis assessment and comparison of treatment efficacy from different institutions worldwide. Considering the status of LN metastasis is a critical prognostic factor for patients with EC.[13](#cas13891-bib-0014){ref-type="ref"}, [14](#cas13891-bib-0015){ref-type="ref"}, [15](#cas13891-bib-0016){ref-type="ref"} In the 7th edition of the AJCC‐TNM staging system, released in 2009, the node classification system was changed from being determined by the presence or absence of LN involvement to the number of metastatic LN; this appears to have more clinical significance than the criteria in the previous edition.[16](#cas13891-bib-0017){ref-type="ref"}, [17](#cas13891-bib-0018){ref-type="ref"}, [19](#cas13891-bib-0019){ref-type="ref"} However, the 7th edition TNM staging for esophageal cancer is also pathological and not applicable for non‐surgical EC. Clinically, surgery is not an option for many patients with EC who have a locoregional disease extension or are ineligible for surgery due to reasons such as older age or cardiopulmonary insufficiency. Some patients may also refuse surgery for personal reasons. Therefore, it is important to obtain an appropriate cancer clinical stage system for non‐surgical EC.

To address this issue, the 8th edition of the AJCC‐TNM staging system classified the clinical (c), pathologic (p) and postneoadjuvant pathologic (yp) stages separately, while the clinical stage is considered to be used for patients with non‐surgical EC.[20](#cas13891-bib-0020){ref-type="ref"}, [21](#cas13891-bib-0021){ref-type="ref"}, [22](#cas13891-bib-0022){ref-type="ref"} However, the N stage still uses the number of LN involved for classification despite the difficulty in accurately determining the number of involved LN without surgery. Another challenging factor is the high incidence of lymph node tuberculosis in China, which can often be confused with metastatic LN.[23](#cas13891-bib-0023){ref-type="ref"}

In addition, several studies have reported that the 7th edition of the AJCC‐TNM staging system, particularly the N stage, cannot clearly distinguish among different patient risk groups. A study by Chen et al[24](#cas13891-bib-0024){ref-type="ref"} found no significant differences in survival between patients with pN2 and pN3 among 2011 patients with ESCC who underwent surgical resection. Another study by Yamasaki et al[25](#cas13891-bib-0025){ref-type="ref"} also reported no significant differences in survival between pN2 and pN3 subgroups. Moreover, Ning et al[26](#cas13891-bib-0026){ref-type="ref"} showed insignificant survival differences between not only N2 and N3 categories, but also between stages IIIB and IIIC based on the 7th edition of the AJCC‐TNM staging system. Given that the 8th and 7th editions use the same standard for N stage, the 8th edition has similar issues. Therefore, we believe that the 8th edition of the AJCC‐TNM staging system also needs further improvement and modification. Our study is useful in that it shows that both the revised N category and modified 8th edition of the AJCC‐TNM staging systems have a distinctive and monotone relationship of stage group to overall survival for patients with ESCC who have undergone radiotherapy or chemoradiotherapy without surgery. Survival curves stratified according to the revised N category and the modified TNM staging system did not overlap. Further stratified analysis in the T2, T3 and T4 subgroups based on the 8th edition of the AJCC‐TNM staging system also showed that the revised N category is useful. We found similar prognoses in patients with the revised N1 or N2 category that had different anatomic regions of involved LN.

Previous studies have also shown that the anatomic regions of LN metastasis (cervix, thorax and abdomen) can be a prognostic factor in patients with EC. Zhu et al[27](#cas13891-bib-0027){ref-type="ref"} reported that nodal skip metastasis (NSM) was a common pattern of metastatic LN involvement in thoracic ESCC, but that the presence of NSM did not predict prognosis. Similarly, Cavallin et al[28](#cas13891-bib-0028){ref-type="ref"} found that neither OS nor disease‐free survival was associated with NSM occurrence in thoracic ESCC. Obviously, their studies were only focused on thoracic ESCC. Another study by Li et al[29](#cas13891-bib-0029){ref-type="ref"} retrospectively reviewed 1361 patients with ESCC who underwent R0 esophagectomy to determine the pattern of LN metastasis and found that 31.2% of patients presented with 1 field involvement, 18.7% with 2 fields and 2.6% with 3 fields. Furthermore, An et al[11](#cas13891-bib-0011){ref-type="ref"} reported that the fields of LN involved could predict the survival of patients with EC who underwent 3‐field lymphadenectomy. Shimada et al[12](#cas13891-bib-0012){ref-type="ref"} also investigated the significance of the extent of positive LN on long‐term survival in patients with EC who underwent surgery and reported the following 5‐year survival rates of patients with different extent of LN metastasis: 69% for none, 50% for 1 field, 29% for 2 fields and 11% for 3 fields of LN metastasis. The survival curves in our study also support that the revised N category and modified TNM staging system can better stratify patients, particularly patients with non‐surgical ESCC. The revised N category divides the esophageal lymphatic drainage into 3 groups according to anatomic region, which is simple and practical, and the anatomical position is easy to determine; thus, it is suitable for clinical application.

To the best of our knowledge, this is the first study to propose a revised N category based on the anatomic regions of LN metastasis and a modified version of the 8th edition of the AJCC‐TNM staging system in patients with non‐surgical ESCC. Our study was conducted in 2 institutions, thus avoiding the possible limitations of a single‐center setting and suggesting that our conclusions may be more generalizable. However, the present study has several limitations. First, this is a retrospective study with a relatively small patient size. Second, the small number of patients in some subgroups, especially in the T1 subgroup, may limit statistical power. Third, our study has relatively low 3‐year and 5‐year OS rates. Some patients cannot undergo surgery due to advanced stage or old age. Fourth, we did not compare the prognostic performance between the original N stage of the 8th edition of the AJCC‐TNM staging system and the revised N category, due to the difficulty of accurately determining the number of metastatic LN without surgery. Fifth, we did not analyze the effect of histologic differentiation on prognosis in our study, as histologic grade could not be confirmed in some patients via biopsy only.

In summary, our findings strongly indicate that the anatomic regions of LN metastasis (cervix, thorax and abdomen) are appropriate as prognostic factors for non‐surgical ESCC. Thus, we suggest that the N categories for non‐surgical ESCC can be based on these anatomic regions and classified into the following 4 groups: N0 (no region involved), N1 (1 region involved), N2 (2 regions involved) and N3 (3 regions involved). The revised N categories and modified TNM staging system determined in this study can be used to fill gaps in the staging system for patients with non‐surgical ESCC, which can help clinicians to make better treatment decisions and more effectively predict patient prognoses. Future large‐scale studies are required to validate these results.
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